Abstract-This study aims to proffer solution to the factors causing delay is pipeline construction project deliverables, it compared deterministic model (variable with certainty) and stochastic model (variable with uncertainty), with Six (6) planned project schedules of Brownfield Energy Service Limited for pipeline construction. Time assigned to critical activities, identified from a network analysis, with the aid of the Critical Path Method, expected mean time, both deterministic and stochastic duration was calculated. Program Evaluation Review Techniques (PERT), the variance and standard deviation of the critical activities were also calculated. The probability of completion of a project within a given period was gotten with PERT. Comparing the results for deterministic duration 60 days to 79 days, which is 50% compared to 64%. It was concluded that stochastic model is preferable when scheduling and executing pipeline construction projects, because uncertainties are factored into the planning and scheduling process including delays. Delays during execution stage, occurs mainly due to community related issues, equipment failures, change in job scope and work-men antics but not limited to these. This study advocates elimination of causes of delay, especially before and during project execution phase. It also suggested that every project schedule should follow an order of precedents, prerequisite, and management involvement and cooperation at all stages of the project.
I. INTRODUCTION
Pipeline construction project are projects which include, excavation of ditches, fitting, fabrication and welding activities. It also involves the use of heavy duty equipment such as swamp buggy (for swamp work), excavator (land work) different types of barges, York barge, lay barge, material barge, tugboats, and cranes etc. The length depends upon which purpose, it could be a trunk line; often very long from hundreds to thousands of kilometres, while delivery line and flow-lines run from metres to tenths of kilometres. Sometimes it cuts across different communities, villages, towns, cities and states. The length, size and the thickness (pipe thickness) of the pipeline are some of the things to consider when determining the project deliverables and time of completion (duration). Others include weather, terrains, personnel, equipment and management. Pipeline and flowlines are used basically for transportation of crude products from one point to another.
Everett & Ronald [2] , says Project is a one-time-only set of activities that has a definite beginning and ending point in time. Project planning can be described as an outline of activities that establish a course of action for a project. Project scheduling can also be described as an outline of activities that establish the times and the sequence of project tasks. Activity is said to be a task within the project that has a definite beginning and ending date or point in time. The activity consumes time. For every project to succeed, it has to be planned, it activities outlined and scheduled.
Deliverables is an outcome that a project team must produce and present to the customer in accordance with the terms of a contract for a project to be complete. A deliverable can be tangible item such as a report, or an intangible item, such as performance of construction equipment. Every project has to produce something. If there are no deliverables there is no project, so says Roseke [7] . Pipeline construction project deliverables; include all the activities, ranging from project initiation, project design, project execution to project completion.
A. Statement of the Problem
In Nigeria most pipeline construction projects deliverables are not often completed on schedule. Delays often hamper project progress. Francois [3] , listed factors causing delays to include:
i. Design error.
ii. Change of scope, "meanwhile the scope, define the entire deliverable that is expected at the end of the project". iii. Inappropriate, inadequate procurement and faulty contractual management system. iv. The complexity of the project is also a contributing factor to project delays. Complexity could be defined in terms of size of the project, most mega project with long schedule time could be affected by inflation, change in material price and exchange rate such that the initial budget may need to be supplemented for the project to be completed. v. Community related issues, such as stop work order
B. Aim and Objectives of Project
The aim of this study is to proffer solution to the factors causing delay in pipeline construction project deliverables.
The objectives are as follows: i.
To analyse pipeline construction project deliverable using deterministic model ii.
To analyse pipeline construction project deliverable using stochastic model. iii.
To compare deterministic and stochastic models iv.
To Analyse how the models can help ensure smooth achievement of project deliverable v.
To determine which model to use in achieving pipeline construction deliverable target.
C. The Scope of Work i.
Involves construction of flow line from well head to flow station ii.
Replacement of damage section of flow line iii.
Six (6) well heads were considered. iv.
Size of pipe for the flow line considered were 4" Schedule 80
D. Significance of Study
This study will help project team decide which model is the Optimum choice of project scheduling for project managers, project engineers and other professionals in Pipeline Construction industries.
E. Extent of Past Works
Gabriel [4] , in his study stated that the unexpected events which cause construction project (deliverable) delay can be minimised by mindfulness, which is defined by five cognitive processes, namely: preoccupation with failure, reluctance to simplify, sensitivity to operations, commitment to resilience and deference to expertise. In Khan [6] research, it identified the factors contributing to construction project delays, it also analysed these factors and ranked them and then studied these factors and made recommendations on improving the overall project management methods, and to carefully formulated contract processes, with emphasis on the scope finalization, procurement planning, availability of skilled labour etc. While in Ograbee et.al [9] , Last planner system he listed five levels of planning, Master schedule, phase schedule, look-ahead schedule, weekly schedule and percentage plan completed. When these five levels are implemented in a project it enhances planning processes, improves site logistics, and removes constraints before they become obstacles.
Rama et al [10] , in their paper stated that project planning and scheduling is one of the most important aspect in construction project. It helps to estimate time and he used network analyses, deterministic model (CPM) and Stochastic model (PERT) to optimize time and resources. In his paper he used Deterministic and probabilistic technique and started that the project duration and cost were optimized. He further stated that project initial duration can be reducing by applying these techniques. He stated that CPM (Deterministic model) and PERT (Stochastic model) techniques are useful for the optimizing time schedule of any construction project, but that the complexity of this model increases when more activities are considered and their precedence relationship is complicated Briggs [1] , asked three questions in his research which are:
i.
Why use a range of likely values in PERT? ii.
Does a single-point estimate produce a reasonable estimate of duration? iii.
Can a project manager determine how likely it is that the required duration can be met? His answer to the first question was that range of value was used because of uncertainty of nature. For the second question his answer was yes, it does. While his answer for his third question was also yes, project managers can determine likely duration for any project. He also addressed the how both deterministic model and stochastic model time estimation techniques can be used to estimate time for the same project.
Iulian [5] , investigated how uncertainty in duration for construction project and how the performance of construction project is affected by different degrees of uncertainty. He compared the deterministic analysis of a project schedule to stochastic analysis, how they differ and whether the optimal schedule of a project will be different from that produced using a deterministic analysis. He analysed the results for deterministic approach against the results from stochastic approach and stated that uncertainty is a very important factor in construction project that as the extents of uncertainty increases, the expected project duration also increases, that the optimum schedule in meeting the project objectives is not the deterministic project duration. He used artificial uncertainty because no data was available from his data source but concluded that project managers will be able to achieve optimum project duration for any given construction project using a stochastic linear schedule.
The current work is comparative one that will compare, using both deterministic and stochastic models to compute different pipeline projects deliverables, analyse, present their results and from these results state the preferred model. This research will attempt to bridge the gap from other literature whose values for the single point time estimate and three-point time estimate were simulated data was used.
F. Significant of Using PERTT/CPM
A Network diagram helps to translate complex project into a set of simple and logical arranged activities, according to Sharma [11] and therefore.
i. Helps in the clarity of thought and actions. ii.
Helps in clear and unambiguous communication developing from top to bottom vice versa among the people responsible for execution the project. iii.
Isolate activities that control the project completion and therefore, result in expeditious completion of the project. iv.
Helps in the division of responsibilities and therefore, enhance effective coordination among different departments/agencies involved v.
Helps in timely allocation of resources to various activities in order to achieve optima utilization of resources.
II. MATERIALS
The study area was on pipeline and flow-line construction projects schedules of a Company ''Brownfield Energy Services Limited''. The project schedules included four (4) pipeline and flow line construction project schedules and two (2) sectional replacement schedules. The project periods were from 2015 to 2017. These planned Project schedules from Brownfield Energy Services Limited were used as references documents. See TABLE I for a project schedule sample. [2] all time are to be assigned based on experience or past data. The standard deviation and variance for the schedule, will be calculate, while the activities with certainty CPM, according to Martand [10] will represent the deterministic variable (model) and the probabilistic activities PERT (with uncertainty) will represent the stochastic variables (model). Table 7 for CPM of the Six schedules.
III. METHODS

Identification of variables
In the Network diagram above, there are 3 paths Path 1: A -B -C -D-F -H-I -J -K -N -O -P -Q -R = 60 days Path 2: A -B -E -F -H -I -J -K -N -O -P -Q -R= 53 days Path 3: A -B -F -G -H -I -J -K -N -O -P -Q -R= 53 days
Path 1 has 60 days which is the highest duration and is identified as the critical path and activities along it route as the critical activities. So the deterministic duration is 60 days.
B. Calculating The Expected Mean Time, Variance And Standard Deviation
Using the mathematical formulae below and data from Appendix G, H, I. J, K. L, M and N. Using From Appendix G These results satisfy the objective two of this research. Using the job on schedule (at expected completion date) due date E, and at 5days less than expected time E then the probability of completing the project between schedule date an expected time X and E. in these cases at the expected time E and five (5) days less. The probability of completing the project W5L/S at the 80days and day more than the estimated 79 is given by: 
D. Comparing Deterministic Model Results And Stochastic Model Result.
This section compares deterministic model to stochastic Model base on the schedule duration for the same project and same critical activities and paths. The difference is as a result of consideration for uncertainty, which allows for delay causing element to be treated without affecting set duration. Network diagram analysis was used to identify the critical path which is with the longest duration. This path outlined the critical activities, and these activities time (duration) were used to determine the values in table 7 which shows durations for both Deterministic and Stochastic Model time estimation for the Six (6) flowlines. With CPM, using onepoint time estimate, standard Deviation cannot be calculated therefore the probability of completing the project between a set time cannot be determined. With PERT, mean expected time, standard deviations, probability of completion were determined and shown on The Deterministic and Stochastic durations result satisfies objectives 1 and 2 of the study. While the difference in their value for the same project, with the stochastic duration having more days because it considers uncertainty and uses a three-point time estimate, optimistic time which is the assigned time to each activity and regarded as the possible time required to complete the task. The pessimistic time regarded as the worst time to complete the task considering unknown uncertainty. Then the most likely time, which is next best time to complete the task should optimistic time fails.
Comparing the stochastic duration to the Deterministic duration, stochastic duration has more days but better chance of success because most uncertainty has being tackled. With better chance for success Stochastic Duration is preferred by deterministic model duration. This satisfies objective 5 and makes stochastic model scheduling the Optimum choice for project scheduling.
VI. CONCLUSION
From the results and discussion, it was concluded that the optimum choice of model for pipeline construction project planning and execution is the stochastic model. That planning with stochastic model (for uncertainty) solves the problems of delay duration pipeline construction project. A pre-planned work procedure must be followed; any change in procedure has to be communicated to the CSR (Company Site Representative), members of the project team informed. When job scope changes, take time out and re-plan with CSR on the change or additional scope, evaluate how the changes affect the previous completion time E. Calculate the new E and inform the team about the changes. Always plan the task and activities following order of precedent and prerequisite. This study will serve to enlighten and advice project managers, engineers and project planners on which scheduling method and model to employ when planning for construction projects. They have to realize that the nature is stochastic and therefore the need to plan for uncertainty. Doing this will help each planning team to achieve the planned project deliverable target and within a scheduled duration. Both Deterministic and Stochastic Model are useful for project smooth delivery, but for optimum delivery this study recommends Stochastic Model because it treats uncertainty by using Average time.
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